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ported	 overdenture	 was	 constructed.	 Maxillary	 implant	 survival,	 overdenture	
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Albuquerque	 Junior,	 2010;	 Van	 Assche,	 Michels,	 Quirynen,	 and	
Naert	 (2012);	 Boven,	 Raghoebar,	 Vissink,	 &	Meijer,	 2015).	 Both	
in	 the	mandible	 and	 in	 the	maxilla,	 overdenture	 treatment	 is	 as‐
sociated	with	a	high	survival	rate	(Raghoebar,	Meijer,	Slot,	Slater,	
&	Vissink,	2014;	Roccuzzo,	Bonino,	Gaudioso,	Zwahlen,	&	Meijer,	




In	 recent	 years,	 several	 systematic	 reviews	 have	 focused	 on	
maxillary	 overdentures,	 and	 their	 findings	 have	 been	 generally	
consistent	 (Raghoebar	et	 al.,	 2014).	After	one	year	of	 functional	
use,	Slot	et	al.	 (2010)	reported	an	 implant	survival	rate	of	98.2%	
for	six	 implants	with	bar	anchorage,	a	 survival	 rate	of	96.3%	for	
four	 implants	 with	 bar	 anchorage	 and	 a	 survival	 rate	 of	 95.2%	
for	 four	 implants	 with	 a	 ball	 anchorage.	 Roccuzzo	 et	 al.	 (2012)	
concluded	 that	maxillary	 overdenture	 treatment	 appeared	 to	 be	
very	successful,	but	 they	could	not	draw	conclusions	on	 the	op‐
timal	number	of	implants	needed	to	support	a	maxillary	overden‐
ture.	 Sadowsky	 and	 Zitzmann	 (2016)	 concluded	 that	 a	maxillary	








implant‐retained	maxillary	 overdenture	 or	whether	 fewer	 implants	
could	 suffice.	Only	one	 randomized	 controlled	 trial	with	 an	obser‐
vation	period	exceeding	5	years	has	been	published.	This	trial	eval‐













et	 al.	 (2015)	 reported	 a	 5‐year	 implant	 survival	 rate	 of	 96.6%	 in	 a	
study	with	10	patients	having	six	cone‐anchored	 implants.	Besides	
the	lack	of	randomized	controlled	studies	reporting	on	the	treatment	





extensive	 bone	 augmentation	 procedures	 (maxillary	 sinus	 floor	 el‐
evation	surgery	with	bone	from	the	 iliac	crest)	can	be	avoided,	 re‐














outcome	 (peri‐implant	 bone	 height	 changes,	 peri‐implant	 health,	
implant	survival,	overdenture	survival	and	patients’	satisfaction)	of	
maxillary	 overdentures	 placed	 on	 four	 bar‐connected	 implants	 in	
the	posterior	region	of	the	maxilla	with	the	outcomes	of	six	bar‐con‐
nected	implants	in	the	same	region.





Participants	 in	 the	 study	were	 selected	 from	 fully	 edentulous	 pa‐
tients	referred	to	the	Department	of	Oral	and	Maxillofacial	Surgery	
(University	 Medical	 Center	 Groningen,	 the	 Netherlands)	 suffer‐
ing	 from	 a	 lack	 of	 retention	 and	 stability	 of	 both	 the	 upper	 den‐
ture	and	lower	denture	based	on	the	following	inclusion	criteria:	at	
least	18	years	of	age,	capable	of	understanding	and	giving	informed	




De	 Jong,	 &	 Abraham‐Inpijn,	 1998),	 those	 currently	 smoking,	 and	
those	with	 a	 history	 of	 radiotherapy	 in	 the	 head	 and	 neck	 region	
or	a	history	of	pre‐prosthetic	 surgery	and	previous	 implant	place‐




Panoramic	 radiographs,	 lateral	 cephalograms	 and	 postero‐an‐
terior	oblique	radiographs	were	made	to	assess	 the	volume	of	 the	
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maxillary	alveolar	bone,	 the	dimensions	of	 the	maxillary	 sinus	and	
the	anteroposterior	relationship	of	the	maxilla	to	the	mandible.
2.2 | Treatment procedure












A	maxillary	 sinus	augmentation	procedure	with	bone	 from	 the	
iliac	 crest	 was	 performed	 on	 both	 sides	 (Raghoebar,	 Timmenga,	
Reintsema,	 Stegenga,	 &	 Vissink,	 2001;	 Raghoebar,	 Vissink,	
Reintsema,	 &	 Batenburg,	 1997).	 After	 a	 3‐month	 healing	 period,	
either	 four	 or	 six	 dental	 implants	 (Straumann	 Standard	 SLA®	 im‐
plants;	Ø	4.1	mm,	length	12	mm,	RN,	Institut	Straumann	AG,	Basel,	
Switzerland),	 depending	on	 randomization	group,	were	 inserted	 in	
the	 maxilla	 in	 a	 single‐step	 procedure.	 The	 implants	 were	 placed	





Prosthetic	 procedures	 commenced	 after	 3	months	 of	 undisturbed	
healing.	 The	 final	 superstructure	 consisted	 of	 a	 milled	 titanium	
split	 bar	 (Figures	1	 and	2)	 and	an	overdenture	with	built‐in	 cobalt	









patients	 were	 scheduled	 for	 routine	 yearly	 maintenance	 appoint‐
ments	with	a	prosthodontist,	combined	with	a	dental	hygienist.
2.5 | Outcome measures
The	 primary	 outcome	 measure	 was	 peri‐implant	 bone	 height	
changes.	The	secondary	outcome	measures	were	 implant	survival,	
overdenture	survival	and	soft	tissue	conditions	(plaque	index,	pres‐











Meijer,	 Raghoebar,	 and	 Vissink	 (2004).	 The	 digital	 images	 were	





the	 difference	 in	 bone	 height	 between	 the	 X‐ray	 taken	 at	 over‐
denture	 placement	 and	 after	 1	 and	 5	years.	 Data	 collection	 and	
analysis	of	the	radiographs	were	done	by	the	same	observer.	The	
worst	score	per	implant	of	the	clinical	and	radiographic	parameters	
F I G U R E  1  Five‐year	panoramic	radiograph	of	a	patient	with	
four	implants	connected	with	a	bar	in	the	posterior	region	of	the	
maxilla
F I G U R E  2  Five‐year	panoramic	radiograph	of	a	patient	with	six	
implants	connected	with	a	bar	in	the	posterior	region	of	the	maxilla
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was	used	in	the	data	analysis.	Reproducibility	of	the	specific	analy‐
sis	 method	 was	 evaluated	 by	 Telleman,	 Raghoebar,	 Vissink,	 and	
Meijer	 (2013).	 The	 intraclass	 correlation	 coefficient	 for	 average	
measures	was	0.867	for	the	radiographic	interobserver	agreement	
(Cronbach's	 alpha	=	0.867),	 which	 can	 be	 interpreted	 as	 almost	
perfect	agreement.
2.7 | Clinical parameters
For	 presence	 of	 plaque,	 the	 index	 according	 to	 Mombelli,	 Van	
Oosten,	 Schürch,	 and	Lang	 (1987)	was	used.	The	presence	of	 cal‐
culus	 (score	1)	or	 the	absence	of	calculus	 (score	0)	was	scored.	To	
qualify	 the	degree	of	peri‐implant	 inflammation,	 the	modified	 Löe	
and	Silness	(1963)	index	was	used.	For	bleeding,	the	bleeding	index	
























tionnaire	 (Stellingsma,	 Slagter,	 Stegenga,	 Raghoebar,	 &	 Meijer,	
2005).	 In	 this	questionnaire,	patients	gave	their	opinion	about	 the	
ability	to	chew	nine	different	kinds	of	food	on	a	3‐point	rating	scale	
(0	=	good,	1	=	moderate	and	2	=	bad).	The	items	were	grouped	into	
three	 scales:	 soft	 food,	 tough	 food	 and	 hard	 food.	 In	 addition	 to	
these	questionnaires,	the	patients’	overall	denture	satisfaction	was	
expressed	on	a	10‐point	rating	scale	(1	=	very	bad	to	10	=	excellent).
Patients’	 satisfaction	 was	 scored	 before	 treatment	 and	 1	 and	
5	years	after	placement	of	the	overdenture.
2.9 | Statistical analysis
It	was	assumed	 that	an	 implant‐supported	overdenture	on	 four	 im‐
plants	was	not	inferior	to	one	supported	by	six	implants	(non‐inferi‐
ority	hypothesis).	The	sample	size	was	calculated	with	 the	program	
G*power	 version	 2	 (Erdfelder,	 Faul,	 &	 Buchner,	 1996).	 Peri‐implant	
bone	 changes	 were	 regarded	 as	 primary	 outcome	 for	 the	 power	
analysis.	 A	 difference	 of	 at	 least	 0.4	mm	 in	 bone	 height	 (measured	




















fulfilling	 the	 criteria	were	 included.	All	33	patients	 in	 the	 four‐im‐
plant	group	completed	the	1‐year	evaluation	period.	After	five	years,	
two	patients	in	this	group	had	died,	one	patient	did	not	attend	the	
evaluation	 due	 to	 illness,	 and	 one	 patient	moved	 abroad.	 This	 re‐
sulted	in	29	patients	in	the	four‐implant	group	for	the	5‐year	evalu‐
ation).	All	33	patients	in	the	six‐implant	group	completed	the	1‐year	















ing,	 and	 again	did	not	 significantly	differ	 between	 the	groups,	 nor	
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did	the	mean	scores	for	pocket	probing	depth	(Table	2).	In	the	pres‐









overdentures	had	to	be	made	 in	 the	 four‐implant	group,	and	three	
new	overdentures	were	made	in	the	six‐implant	group	due	to	exces‐
sive	wear	of	the	denture	base	and	teeth	(90.9%	overdenture	survival).
With	 regard	 to	 the	 changes	 in	 peri‐implant	 health	 over	 time	









with	 a	 bar,	 placed	 in	 the	 posterior	 region	 of	 the	 edentulous	max‐




Five‐year	 survival	 rate	of	 the	 implants	was	high	 in	both	groups	
(100%	and	99.5%,	 respectively).	 It	 is	 promising	 that	 from	 the	 start	
of	 functional	 loading	no	 implants	were	 lost	 in	 either	 group.	This	 is	
comparable	 to	 the	 findings	of	Mangano	et	 al.	 (2011),	Eerdekens	et	
al.	(2015)	and	Slot	et	al.	(2016),	who	used	implants	with	a	roughened	

















Incidence	 of	 peri‐implantitis	 was	 calculated	 according	 to	 the	








are	 lower	 than	 those	 in	 the	 present	 study.	 A	 possible	 explanation	
for	this	discrepancy	could	be	that	oral	hygiene	is	easier	to	perform	














TA B L E  1  Mean	values	and	standard	deviations	of	marginal	bone	loss	in	mm,	and	frequency	distribution	of	bone	loss	at	1	and	5	years	
after	placement	of	the	overdenture	of	the	four‐	and	six‐implant	groups,	and	significance	level	(p	value)	of	differences	(p	<	0.05)	between	the	
groups
1 year 5 years
Four‐implant group 
(n = 132 implants)
Six‐implant group 
(n = 197 implants) p value
Four‐implant group 
(n = 116 implants)
Six‐implant group 
(n = 185 implants) p value
Mean	(SD) 0.35	mm	(0.31) 0.46	mm	(0.34) p	=	0.150 0.58	mm	(0.51) 0.60	mm	(0.58) p	=	0.871
0–0.5	mm 79% 91% 45% 58%
>0.5–1.0	mm 15% 6% 38% 13%
>1.0–1.5	mm 6% 3% 17% 19%
>1.5–2.0	mm 0% 0% 0% 7%
>2.0 mm 0% 0% 0% 3%

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Prosthodontic	 complications	 related	 to	 treatment	 were	mainly	
restricted	 to	 repair	of	 the	denture	base	and	 teeth.	Mangano	et	 al.	














region,	 it	appears	 that	 these	are	highly	comparable	at	5	years’	 fol‐
low‐up.	Consequently,	when	placement	 of	 implants	 to	 support	 an	
overdenture	 in	 the	 maxilla	 is	 determined	 to	 be	 the	 treatment	 of	







In	 this	 study,	 autogenous	 bone,	with	 the	 iliac	 crest	 as	 donor	
site,	has	been	used	as	grafting	material	for	the	sinus	floor	elevation	
procedure.	Since	the	start	of	the	study,	several	systematic	reviews	
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